The nonlinear self-consistent theory of wake field excitation in the multilayered dielectric resonators is built. Expressions for excited fields, functionally depending on position of bunch particles in the resonator are found analytically. Excited fields are presented in the form of superposition solenoidal (LSE and LSM types) and potential fields. The nonlinear theory built in a general view is valid for any number of dielectric layers.
INTRODUCTION
Multizone dielectric structures are attractive for the use in perspective two-beam accelerators of charged particles [1, 2] . The transport channel for drive bunch and the accelerating channel for witness bunch are spaced, therefore, it is possible to obtain the great value of a transformer ratio and, thus, to reach ultrahigh rate of acceleration.
Theoretical description of wake field excitation in the dielectric structures of a rectangular configuration is usually restricted to the linear approach [3] , with the rigid motion of exciting bunches. Completely numerical methods [2] allow considering bunch dynamics. But applicability these methods is restricted frequently by opportunities of the up-to-date computers. Especially this problem is topical when simulating of wake fields of the terahertz frequency band.
In the present paper we report the combined method of the account of bunch dynamics on wake field excitation. Expressions for energized fields are found by analytical methods. They functionally depend from particle locations at the any time (a nonlinear source function). Together with motion equations they allow to describe selfconsistently a dynamics of fields and bunches.
STATEMENT OF THE PROBLEM
The multizone dielectric structure under investigation is a rectangular metal resonator with dielectric slabs disposed parallelly to one of walls [3] . We shall direct y-axis of the cartesian coordinate system parallelly to slabs, xaxis is perpendicular to slabs. The dielectric slabs have generally various values of a permittivity (1 ) Let's express required fields in the form of the total of solenoidal and potential components [4] : , = + = l E electric fields are mutually orthogonal [4] and satisfy to the boundary conditions vanishing their tangential components at metal walls of the resonator:
where 0 S is designates a metal surface of the resonator, and subscript τ notates tangential component of fields.. Electron bunches will be described with macroparticles, therefore a charge density ρ and a current density j we shall present as follow
where p q is a charge of a macroparticle, p r и p v are its coordinates and velocity, time-dependent. Summation in the eq. (5) is carried out on the particles which are being volume of the resonator R V Self-consistent dynamics of bunch particles is described by the relativistic motion equations in the electromagnetic fields excited by bunches 1 , ,
GREEN FUNCTION OF THE PROBLEM
Let's derive analytical solutions of set of Eqs. (1)- (5), that will allow avoiding numerical solution of them on a spatial grid. It is essential difference from numerical algorithms with use particle-in-cell (PIC) method.
POTENTIAL FIELD
Taking into account Eqs. (3) and (5), the finding of a potential electric field = −∇Φ l E is reduced to the solution of the Poisson equation 
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The solution of the equation (7) together with boundary conditions (4) we shall search by the decomposition method into eigenfunctions. Also the solution of the equation must satisfy to the boundary conditions consisting in continuity of potential and transverse component of vector electric induction. Using a matrix method for a finding of eigenfunctions in a multizone waveguide [3] we obtain the solution of the equation (7) ( )
Eigenvalues m x k can be determined from the solution of the dispersion equation 
VORTEX FIELD
For a finding of solenoidal parts of an electromagnetic field we shall solve the equations (2) with using of decomposition method on solenoidal fields of the empty multizone resonator ( 
It is known [3, 5] , that all components of an electromagnetic field of eigenwaves of multizone dielectric structure can be expressed through the two componets, which are perpendicular to the dielectric slabs. For the LSM waves they are expressed with using xs E , and for the LSE waves they can be obtained with using through .
xs H Taking into account boundary conditions (4) we write down field components for the LSM waves in the form of: 
The traverse structure of the xs E field component of the LSM wave is described by function ( ) ( ) i xs e x . This function can be found by the matrix method [3] , applied for multizone waveguide case. For using of the expressions obtained in the Ref. [3] 
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From the equations (15) for electromagnetic field components of the LSE wave with accounting of boundary conditions we obtain the expressions ( ) 
